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ABSTRACT 



An anisotropic conductive adhesive composition com- 
prising an insulating adhesive component and particles 
dispersed in said insulating adhesive component, said 
anisotropic conductive adhesive composition being 
characterized in that 

said insulating adhesive component comprises a copoly- 
mer of acrylic ester having an alkyl group of 1-4 
carbon atoms and a maleimide derivative, 

5 to 60 parts by weight, based on 100 parts by weight of 
the copolymer, of a thermosetting resin, and 

0.05 to 5.0 parts by weight, based on 100 parts by 
weight of the copolymer, of a coupling agent, and 

said particles are metallic-layer containing particles 
comprising a core made of resin, a metallic .layer 
covering said core and a resin layer formed from 
finely divided resin fixed by the dry blending method 
on the surface of said metallic layer. 

7 Claims, 3 Drawing Sheets 
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are used metallic particles having formed a resin coat 
layer on the surface of said metallic particles. The resin- 
coated metallic particles as mentioned above do not 
have conductibility when they are in a usual state, but 
5 the conductibility of said resin-coated metallic particles 
is exhibited when the resin coat layer of the resin-coated 
metallic particles held between the circuit patterns 
formed on two pieces of printed circuit boards is de- 
stroyed by the pressure applied to said printed circuit 
10 boards. Accordingly, the aforementioned problem that 
the contiguous circuit patterns that come in contact 
with the metallic particles are apt to short-circuit may 
be solved by the use of the connecting sheet containing 



ANISOTROPIC CONDUCTIVE ADHESIVE 
COMPOSITIONS 

FIELD OF THE INVENTION 

This invention relates to anisotropic conductive ad- 
hesive compositions for use in bonding printed circuit 
boards having formed circuit patterns on the surface 
thereof together and simultaneously in connecting elec- 
trically said printed patterns to each other. 

BACKGROUND OF THE INVENTION 

As adhesives for bonding printed circuit boards hav- 
ing formed circuit patterns on the surface thereof to- such resin-coated metallic particles as mentioned above, 
gether in such a manner that said circuit patterns are 15 Basically, however, the use of the metallic particles in 
opposite to each other, there are known, for example, the connecting sheet remains unchanged, and the afore- 
sheet-like adhesives (connecting sheets) formed from mentioned problem of poor conduction of current in the 
adhesive compositions containing conductive particles connected terminal portions of the circuit patterns due 
dispersed in heat fusible and electrically insulating adhe- to nonuniformity of dispersion of the metallic particles 
sive components (see Japanese Patent L-O-P Publns. 20 m fa e insulating adhesive component and nonuniform- 
Nos. 206772/1987, 40183/1987 and 40184/1987). i ty of particle diameter of the metallic particles still 

When the above-mentioned connecting sheet is inter- remains unsolved, 

posed between circuit patterns of two pieces of printed On the contrary, metal-coated resin particles having a 

circuit boards and the resulting assembly is pressed with metallic coat on a core material made of resin will have 
heat, the insulating adhesive component of said connec- 25 a relatively large contact surface, because they deform 

tion sheet melts and move in the lateral direction of the when pressed between the circuit patterns, hence the 

circuit patterns overlapping each other and only the above-mentioned poor conduction of current in the 

conductive particles are held between the circuit pat- connected terminal portions of the circuit patterns is 

terns, thus the portions of the overlapping circuit pat- hafd tQ Qccur andj moreover) they have good dispers- 
terns having interposed the conductive particles be- 30 {b m ^ insulating adhesive component, because the 
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core material of said particles is made of resin and there 
is no large differences in gravity between the particle 
and the insulating adhesive component. However, the 
surface of the metal-coated resin particles is composed 
of metal, hence the short circuit caused by contact of 
these metal-coated particle with the contiguous circuit 
patterns cannot be prevented. 
As can be seen from the foregoing, it is hard to said 



tween said portions can be connected electrically to 
each other and, at the same time, two pieces of the 
printed circuit boards can be bonded to each other by 
means of the insulating adhesive component of the con- 
necting sheet. 

As the conductive particles used in the connecting 
sheet as illustrated above, there have heretofore been 
used metallic particles, resin-coated metallic particles 

prepared by coating a metallic core material with a . . 

resin, and metal-coaTed resin particles having thereon a 40 the conductive particles used m the conventional 

metallic layer formed by plating the surface of a resin . anisotropic conductive adhesives as mentioned previ- 

core material with a metal ousl y ?* ave such characteristics sufficient for the pur- 

However* when the connecting sheet containing as poses intended, 

the conductive particles, for example, metallic particles, ^ the above-mentioned conventional anisotropic 

was used in the case as mentioned above, there was such 45 conductive adhesives, thermoplastic resins are used 

a problem that circuit patterns contiguous to the circuit mainly and frequently as the insulating adhesive compo- 

patterns to which said connecting sheet has been ap- nente in whic * such particles as mentioned above are to 

plied are apt to short-circuit when come in contact with be dispersed. r 

said metallic particles. Further, there is also such a The advantage that can be denved from the use of the 

difficulty in manufacturing the connecting sheet con- 50 thermoplastic resin as the insulating adhesive compo- 

taining metallic particles as the conductive particles that nent in the anisotropic conductive adhesive as men- 

because of a large difference in gravity between the tioned above is that the printed circuit boards having 

metallic particles and the insulating adhesive compo- the circuit patterns on their surface can be bonded to- 

nent, it is difficult to disperse said metallic particles in gether as desired by heating and pressing at a relatively 

said insulating, adhesive component. Furthermore, be- 55 low temperature and for a relatively short period of 

cause such metallic particles as contained in the con- time. 

necting sheet in most cases are not uniform in shape and However, in the anisotropic conductive adhesive 

particle diameter and also high in hardness, said metallic using the thermoplastic resin as the insulating adhesive 

particles interposed between the circuit patterns will component, the thermoplastic resin used as the insulat- 

not be deformed even when a pressure is applied thereto 60 ing adhesive component has such a side that said resin 

and the contact area of said metallic particles with said cannot be said to have a sufficient stability to standing 

circuit patterns becomes very small and, therefore, the or aging, and particularly said insulating adhesive com- 

use of the connecting sheet containing such metallic ponent is apt to have flowability when heat is applied 

particles as mentioned above is apt to result in poor thereto for a long period of time under the circum- 

conduction of current in the connected terminal por- 65 stances of high humidity. Accordingly, when the aniso- 

tions. tropic conductive adhesive having such insulating adhe- 

In order to solve such problems associated with the sive component as above is used under the conditions as 

use of the metallic particles as mentioned above, there mentioned above, the conductive particles held be- 
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tween the circuit patterns sometimes move as the insu- 
lating adhesive component comes to flow, whereby 
conductibility between the circuit patterns, that is, a 
value of electrical resistance, becomes unstable. 

In order to solve such problems as mentioned above, 
thermosetting resins are used also as the insulating adhe- 
sive components. 

By virtue of the use of the thermosetting resins as the 
insulating adhesive components in the anisotropic con- 
ductive adhesive, stability to moisture and heat and 
reliability of said adhesive are sharply improved. The 
thermosetting resins, however, involve such problems 
that the resins are generally short in working life (time), 
and they require high temperature and extended period 
of time when used in application for bonding purposes. 

OBJECT OF THE INVENTION 

The present invention is intended to solve such prob- 
lems associated with the prior art as mentioned above, 
and an object of the invention is to provide anisotropic 
conductive adhesive compositions containing a specific 
insulating adhesive component and specific conductive 
particles uniformly dispersed in said insulating adhesive 
component, by the use of which the contiguous circuit 
patterns will not short circuit, and poor conduction of 
current in the connected terminal portions of the circuit 
patterns is hard to occur. 

SUMMARY OF THE INVENTION 



10 



15 



20 



25 



30 



The present invention provides anisotropic conduc- 
tive adhesive compositions containing an insulating 
adhesive component and particles dispersed in said 
insulating adhesive component, said anisotropic con- 
ductive adhesive compositions being characterized in 35 
that 

said insulating adhesive component comprises a co- 
polymer of acrylic ester having an alkyl group of 
1-4 carbon atoms and a maleimide derivative, 

5 to 60 parts by weight, based on 100 parts by weight 40 
of the copolymer, of a thermosetting resin, and 

0.05 to 5.0 parts by weight, based on 100 parts by 
weight of the copolymer, of a coupling agent, and 

said particles are metallic-layer containing particles 
(metal containing particles) comprising a core 45 
made of resin, a metallic layer covering said core 
and a resin layer formed from finely divided resin 
fixed by the dry blending method on the surface of 
said metallic layer. 

The invention also provides anisotropic conductive 50 
adhesive compositions comprising an insulating adhe- 
sive component, particles dispersed in said insulating 
adhesive component and inorganic particles, said aniso- 
tropic conductive adhesive compositions being charac- 
terized in that 55 

said insulating adhesive component comprises a co- 
polymer of acrylic ester having an alkyl group of 
1-4 carbon atoms and a maleimide derivative, 

5 to 60 parts by weight, based on 100 parts by weight 
of the copolymer, of a thermosetting resin, and 60 

0.05 to 5.0 parts by weight, based on 100 parts by 
weight of the copolymer, of a coupling agent, and 

said particles are metallic-layer containing particles 
(metal containing particles) comprising a core 
made of resin, a metallic layer covering said core 65 
and a resin layer formed from finely divided resin 
fixed by the dry blending method on the surface of 
said metallic layer, and 



said inorganic particles have an average particle di- 
ameter of not more than 1/10 of the average parti- 
cle diameter of said metallic-layer containing parti- 
cles. 

When the anisotropic conductive adhesive composi- 
tions of the present invention as illustrated above are 
used in bonding printed circuit boards together, contig- 
uous circuit patterns will not short circuit, because the 
metallic layer of the metallic-layer containing particles 
is coated with the resin layer and the metallic-layer 
containing particles will not exhibit insulation proper- 
ties. And, the metallic-layer containing particles will 
come to exhibit conductibility when the resin layer 
constituting the outermost shell of said metallic-layer 
containing particles is destroyed at the time of contact 
heating and bonding two pieces of printed circuit 
boards together. Further, because the metallic-layer 
containing particles having the specific resin layer as 
the outermost shell are used as the conductive particles 
of the anisotropic conductive adhesive compositions of 
the present invention, said metallic-layer containing 
particles are dispersed uniformly in the insulating adhe- 
sive component, and such poor conduction of current as 
aforementioned is hard to occur. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows schematically sectional view of the 
structures, before and after application of impact force 
and shear force thereto, of the metallic-layer containing 
particles (hereinafter sometimes referred to the metal 
containing particles) to be dispersed in the anisotropic 
conductive adhesive compositions of the present inven- 
tion. 
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FIGS. 2 and 3 schematically illustrate the condition 
under which printed circuit boards are bonded together 
by using the anisotropic conductive adhesive composi- 
tion of the present invention formulated into a sheet-like 
form. 
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FIG. 4 is a sectional view of the sample of the bonded 
printed circuit board prepared in the examples and used 
for the measurement of conduction resistance, insula- 
tion properties and adhesivity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The anisotropic conductive adhesive compositions of 
the present invention are illustrated below in detail. 

The insulating adhesive component which is a con- 
stituent of the anisotropic conductive adhesive compo- 
sition of the invention is composed of a copolymer of 
acrylic ester having an alkyl group of 1-4 carbon atoms 
and a maleimide derivative (an insulating acrylic adhe- 
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sive component), a thermosetting resin and a coupling 
agent. 

By using such specific acrylic copolymer as men- 
tioned above in combination with the thermosetting 
resin, the working life (time) of the resulting combina- 
tion becomes longer than that of the conventional ther- 
mosetting resin used alone and, at the same time, the 
contact bonding time required for in bonding two 
printed circuit boards together can be shortened. 



allyl-modified phenolic resins, particularly xylene- 
modified phenolic resins. The thermosetting resins used 
herein are preferably those having a gel time, as mea- 
sured by the method stipulated in JIS K 6910, of more 
than 60 seconds. By the use of the thermosetting resins 
having such gel time as defined above, the working life 
of the adhesive compositions of the invention can be 
preset to a suitable extent as desired. 
The thermosetting resin as illustrated above may be 



The insulating acrylic adhesive component used in 10 used in an amount, based on 100 parts by weight of the 
the invention is a copolymer of acrylic ester having an above-mentioned copolymer, of usually 5 to 60 parts by 
alkyl group of 1-4 carbon atoms and a maleimide deriv- weight, preferably 10 to 40 parts by weight, 
ative. The insulating adhesive component of the adhesive 

Concrete examples of the acrylic ester as referred to compositions of the invention is composed of the above- 
above are methyl aery late, ethyl acrylate, n-propyl 15 mentioned insulating acrylic adhesive component, ther- 
acrylate and butyl acrylate. These acrylic esters may be mosetting resin and coupling agent, 
used either singly or in combination. The coupling agent used herein may include, for 

The maleimide derivative as mentioned above in- example, azo coupling agents, isocyanate coupling 
eludes aromatic maleimide compounds, alicyclic malei- agents, metal chelate coupling agents and silane cou- 
mide compounds and aliphatic maleimide compounds. 20 pling agents. 



Concrete examples of the maleimide derivative include 
aromatic maleimide compounds such as phenyl malei- 
mide and 2-methylphenyl maleimide, alicyclic malei- 
mide compounds such as cyclohexyl maleimide and 
aliphatic maleimide compounds such as tert-butyl 25 
maleimide. These maleimide derivatives may be used 
either singly or in combination. 

The insulating acrylic adhesive component constitut- 
ing the insulating adhesive component of the composi- 



Of these coupling agents mentioned above, particu- 
larly preferred are silane coupling agents, and of the 
silane coupling agents, preferred are epoxysilane cou- 
pling agents. 

In the present invention, the coupling agent is used in 
an amount, based on 100 parts by weight of the copoly- 
mer, of usually 0.05 to 5.0 parts by weight, preferably 
0.1 to 1.0 part by weight. 

By the use of such coupling agents as mentioned 



tions of the invention is a copolymer of acrylic ester and 30 above, the adhesion strength between the substrate and 



maleimide derivative as mentioned above, and this co- 
polymer may be further copolymerized with a,/3- 
unsaturated carboxylic compounds, or salts or acid 
anhydrides (carboxylic acids) thereof. 

The carboxylic acids usable in the above case are 35 
such compounds as having a carboxyl group and ethyl- 
enic double bond, and these compounds may contain 
other groups such as hydroxyl or alkyl group. Examples 



the adhesive compositions of the invention is improved. 
Particularly, this effect is exhibited when the substrates 
to be bonded together are those made of glass, poly- 
imide or polyester. 

Furthermore, by virtue of the use of the coupling 
agent in the adhesive compositions of the invention* a 
good interfacially bonded state can be maintained be- 
tween the substrates, irrespective of the kind thereof, 
and the adhesive composition applied thereto, thus 



of such carboxylic acid compounds include acrylic acid, 
methacrylic acid, maleic acid and itaconic acid, alkali 40 there is observed no difference in values of electrical 
metal salts of these carboxylic acids and acid anhydrides resistance of the bonded substrate, before and after 
of these carboxylic acids. application thereto of moisture and heat, and the con- 
In the copolymer of the acrylic ester and maleimide ducting state between the circuit patterns of the bonded 
derivative as mentioned above, the content of recurring substrate can be maintained for a sufficiently extended 
units derived from the maleimide derivative is 0.5 to 45 period of time. 



15.0 parts, preferably 1.0 to 10.0 parts, more preferably 
1.0 to 5.0 parts, by weight based on 100 parts by weight 
of the recurring units derived from the acrylic acid 
ester. In the case of this copolymer when further copo- 
lymerized with the carboxylic acids, the content of the 50 
recurring units derived from the carboxylic acids is 
usually 0.5 to 20 parts by weight, preferably 1.0 to 10 
parts by weight based on 100 parts by weight of the 



The foregoing is considered ascribable to the fact that 
the interfacial bonding state between the adhesive and 
substrates is improved by the use of the coupling agent 
in combination with the adhesive. 

The insulating adhesive component of the adhesive 
compositions of the invention contains the above-men- 
tioned insulating acrylic copolymer, thermoplastic resin 
and coupling agent in the predetermined proportions. 
In the present insulating adhesive compositions, it is 



recurring units derived from the acrylic acid ester. 

Of the copolymers mentioned above, suitably usable 55 possible to prevent the adhesive composition from 

are those having a weight average molecular weight of squeezing-out from the edge portion of the substrate by 

usually 100,00 to 500,000, preferably 100,000 to 300,000. adjusting the mixing proportions of the constituents of 

The thermosetting resin used in the insulation adhe- the insulating adhesive component so that the modulus 

sive component of the composition of the invention, of elasticity (G') at 200* C. of said insulating adhesive 

which is formed by curing reaction of thermosetting 60 component becomes 10M0 7 dyn/cm 2 , preferably 

resin, includes phenolic resin, urea resin, melamine resin lOMO 7 dyn/cm 2 . 

and benzoguanamine resin. The components used re- The adhesive compositions of the invention may be 
spectively for forming the above-mentioned thermoset- incorporated with a curing agent in order that the cur- 
ting resins may be used so as to form a singly thermoset- ing reaction of the thermosetting resin may proceed 
ting resin or may be used in combination so as to form 65 appropriately. Examples of the curing agent used for 
a plurality of thermosetting resins. Of such components the intended purpose mentioned above include isocya- 
mentioned above, particularly preferred are such com- nate curing agents, epoxy curing agents, metal chelate 
ponents as capable of forming alkylphenol resins or curing agents and melamine curing agents. These curing 
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agents may be used either singly or in combination, 
taking their combination with the thermosetting resin 
used into account. Particularly, by the use of epoxy 
curing agents out of the curing agents mentioned above, 
it becomes possible to control favorably the fluidity of 5 
the adhesive composition of the invention at the time of 
heating and pressing in bonding operation of the sub- 
strates without exerting adverse influences on perfor- 
mance in adhesion of the present adhesive composition. 

In the anisotropic conductive adhesive compositions 10 
of the present invention, specific metallic-layer contain- 
ing particles are dispersed in the insulating adhesive 
component as mentioned above. 

The anisotropic conductive adhesive composition 
containing the insulating adhesive component having 15 
such composition as mentioned above exhibit reliable 
performance at the time when it is perfectly cure and, at 
the same time, is apt to flow in comparison with the 
conventional anisotropic conductive adhesive composi- 
tions having thermosetting resins as the adhesive com- 20 
ponents, because heat curing of the insulating adhesive 
component does not proceed yet at the time of bonding 
the substrates with the adhesive composition, more 
particularly at the stage of heating and pressing the 
substrates to which said adhesive composition has been 25 
applied. Accordingly, by virtue of the use of the aniso- 
tropic conductive adhesive compositions containing 
such insulating adhesive component as mentioned 
above, it is possible to bond the substrates together in a 
relatively short contact bonding time. 30 

As shown in FIG. 1, the particles used in the aniso- 
tropic conductive adhesive compositions of the inven- 
tion are composed of a core 7 made of resin, a metallic 
layer 9 covering the core 7 and a resin layer covering 
the metallic layer 9. 35 

The resinous material used for preparing the core 7 is 
not particularly limited to specific ones but may be any 
resinous materials so long as they are insoluble in sol- 
vents for the adhesives, chemically stable and deform- 
able to a certain extent under the bonding conditions for 40 
the substrates, for example, under the heating and press- 
ing conditions. 

Such resinous materials as used for preparing the core 
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seed emulsion polymerization, suspension polymeriza- 
tion, non-aqueous dispersion polymerization, dispersion 
polymerization, interfacial polymerization, in-situ poly- 
merization, in-liquid cure coating method, in-liquid 
drying method, fusion dispersion cooling method and 
spray drying method. 

The core 7 thus obtained has an average particle 
diameter of usually 1-48 u,m, preferably 2-20 fim and 
especially 5-10 fim. 

The metal used for forming metallic layer 9 covering 
the above-mentioned core 7 is not particularly limited 
to specific ones, and includes concretely such metal as 
Zn, Al, Sb, U, Cd, Ga, Ca, Au, Ag, Co, Sn, Se, Fe, Cu, 
Th, Pb, Ni, Pd, Be, Mg or Mn. The metals exemplified 
above may be used either singly or in combination, or 
may be incorporated with other elements or compounds 
for the purposes for improving such properties as hard- 
ness and surface tension. 

Using these metals exemplified above, the metallic 
layer 9 may be formed on the surface of the core 7 by 
the known physical methods including such as deposi- 
tion, sputtering, ion plating, plating and flame spraying. 
In addition thereto, there may be mentioned a chemical 
method which comprises chemically bonding a metal, if 
necessary, through a coupling agent to the surface of 
the core 7 composed of a resin having a functional 
group, a method which comprises adsorbing a metal to 
the surface of the core 7 using a surface active agent or 
the like, and a method which comprises dispersing me- 
tallic powder in the monomer at the time of preparing a 
resin for the core 7, and adsorbing said metallic powder 
onto the surface of the core 7 prepared from the resin as 
polymerized. 

The metallic layer 9 thus formed is desirably attached 
to the core 7 so that the metallic layer 9 will deform 
following in the wake of deformation of the core mate- 
rial when the particles 3a are heated and pressed be- 
tween the circuit patterns. 

Further, this metallic layer 9 is not always necessary 
to be a single layer but may be those having laminated 
a plurality of metallic layers. 

The metallic layer as illustrated above has a thickness 
of usually of 0.01-10.0 fim, preferably 0.05-5 jxm and 



7 include concretely, for example, polyethylene, poly- 
propylene, polystyrene, acrylonitrile/styrene copoly- 45 especially 0.2-2 ftra. Further, the metallic layer 9 has 
mer, acrylonitrile/butadiene/styrene copolymer, poly- sucn a thickness that the ratio of the thickness of the 

* * ■ • - metallic layer 9/the diameter of the core 7 is usually 

1/50 to 1/5, preferably 1/20 to 1/10. 
The metallic-layer containing particles 3 used in the 
50 invention has a resin layer 11 which covers the metallic 
layer 9 formed on the surface of the core 7. This resin 
layer 11 may be formed by fixing finely divided particu- 
late resin 15 on the surface of the metallic layer 9 by 
means of the dry blending method. In general, as a 
55 method of forming a resin layer on the surface of metal, 
there have been known such methods as in-liquid cure 
coating method, phase separating method, in-liquid 
drying method, spray drying method, in-air suspension 
coating method, and dry blending method (mechano- 
60 chemical method). In preparing the metallic-layer con- 
taining particles 3 used in the invention, however, the 
dry blending method is employed out of the methods as 
mentioned above to form the resin layer 11 as above. 
The resin layer formed on the metal surface by the dry 
65 blending method is found to be most uniform, and the 
metallic-layer containing particles having such resin 
layer as mentioned above is excellent in solvent resis- 
tance and also shows a high degree of reliability on 



carbonate, various acrylates such as polymethyl meth- 
acrylate, polyvinyl butyral, polyvinyl formalin, poly- 
imide, polyamide, polyester, polyvinyl chloride, polyvi- 
nylidene chloride, fluororesin, polyphenylene oxide, 
polyphenylene sulfite, polymethyl pentene, urea resin, 
mel amine resin, benzoguanamine resin, phenol -formalin 
resin, phenolic resin, xylene resin, furan resin, diallyl 
phthalate resin, epoxy resin, polyisocyanate resin, phe- 
noxy resin and silicone resin. Of these resinous materials 
exemplified above, particularly preferred are polypro- 
pylene, phenolic resin and silicone resin. These resinous 
materials may be used either singly or in combination. 
Further, these resinous materials may be suitably modi- 
fied, or may be those having a crosslinked structure 
formed by reaction thereof with such additive as a 
crosslinking agent or curing agent, or may be cured 
resins. 

The core 7 is prepared by granulation of these resin- 
ous materials according to the known method, and 
desirably has a uniform particle diameter. Concretely, 
the core 7 may be prepared by such method as emulsion 
polymerization, soap-free emulsion polymerization, 
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current conduction when heated and pressed between invention in an amount, based on 100 parts by weight of 

the circuit patterns. the insulating adhesive component of said composition, 

Materials for the finely divided particulate resin 15 of usually 5 to 100 parts by weight, preferably 20 to 60 

used for forming the above-mentioned resin layer 11 are parts by weight. 

those which are capable of forming said resin layer 11 5 The above-mentioned metallic-layer containing parti- 
insoluble in solvents used sometimes for dissolving the cles do not exhibit conductibility in the adhesive com- 
insulation adhesive component and easily releasable position of the invention, because they have a resin 
from the surface of the metallic layer 9 on heating and layer covering the whole surface thereof. However, 
pressing at the time of bonding the substrates together, when the boards having formed a circuit pattern on one 
or capable of exposing the metallic layer 9 when the 10 s {^ e ^ bonded together by means of the anisotropic 
resin layer 11 is deformed. Concrete examples of the conductive adhesive composition of the invention so 
resin for forming such particulate resin 15 include fluo- t h a t the patterns face each other, the resin layers of the 
roresin, acrylic resin, benzoguanamine resin, styrene metallic-layer containing particles lie between the cir- 
resin, carnauba wax, polypropylene and polyethylene. cu j t patterns are destroyed by the heating and pressing 
These resins mentioned above may be used either singly 15 at tne ^ e of bonding operation, and the thus destroyed 
or in combination, or may be those having a crosslinked metallic-layer containing particles come to have con- 
structure formed by reaction with a crosslinking agent. ductibility. On one hand, the metallic-layer containing 
Of these resins, particularly preferred is fluororesin. particles lying between the surface of the substrates 
The particulate resin 15 may be prepared from ordi- having no circuit pattern on said surfaces can retain 
nary resins by the usual method, for example, emulsion 20 their msulating properties, because the resin layers of 
polymerization, soap-free emulsion polymerization, the met allic-layer containing particles are not destroyed 
dispersion polymerization, suspension polymerization, by the pressure app ii e d thereto, said pressure being 
interfacial polymerization, in-liquid drying method, relatiYe iy small. Accordingly, in the printed circuit 
fusion dispersion cooling method and mechanical pul- boafds bonded tog ether by using the adhesive composi- 

venzation method. 25 tion of the invention, the conductibility is exhibited in 

Of the particulate resin 15 obtained by the above- ^ iQns of the boafds Qn which the circuit ms 

mentioned method, those used in the present invention afe ^ ^ iusul&ted state ^ be maintained at 

have the particle diameter ratio (particle diameter of the qs feoards Qn which nQ m fa 

particulate resin 15/ P amcle diameter of the core , J of vimie ^ q{ adhesiye Q ^ 

usually 1/50 to 1/5, ^^^^^^Jf 30 tion of the inven tion in bonding the printed circuit 

average particle diameter of usually 0.01 to 5 tun, pref- , * . . . .~ ° r n . 

u» n i +~ <% —a at> ^ ia ii tr A 1tAl ..„, boards together, only the specific portions come to have 

erably 0.1 to 2 am and especially 0.2 to 1 am. , A * v * « , u . 

The resin layer 11 is tamed by the dry blending con <*f ability in t he manner as mentioned above, i t is 
method using the particulate resin 15 as illustrated P<*f le to mhlblt effectively ashort circuit between the 
above, that & the core 7 having the metallic layer 9 35 contiguous circuit patterns Because of a small differ- 
thereon and the particulate resin 15 are mixed together ence in gravity between the metallic-layer containing 
without the intervention of any liquid and, if necessary, Pf^icje containing a resin as the core and the insulating 
compression force, shearing force or impact force is adhesive component the metallic-layer ^containing par- 
applied thereto tlcles are dls Pe rsed favorably in the adhesive composi- 

The dry blending method mentioned above may be 40 tio n °f the invention. JL 

carried out concretely, for example, by the following *J the anisotropic conductive adhesive compositions 

manner of the invention having such excellent characteristics as 

(a) The particulate resin 15 and the core 7 having the mentioned above, it is also possible to suitably regulate 
metallic layer 9 thereon are introduced into a commer- Aowability of the composition by the addition thereto of 
cially available hybridization system (the Nara's system 45 inorganic particles having a specific particles diameter, 
of hybridization, manufactured and sold by Nara Kikai so that the metallic-layer containing particles exhibit 
Seisakusho K. K.) or a methanofusion system (manufac- good flow behavior in the composition at the time of the 
tured and sold by Hosokawa Micron K. K.), and treated bonding operation. 

therewith under application of impact force and shear That is, the anisotropic conductive adhesive composi- 

force while heating at a temperature of 20° to 200° C, 50 tions of the present invention may be further lncorpo- 

preferably 80" to 130° C. rated with inorganic particles. The inorganic particles 

(b) The particulate resin 15 and the core 7 having the that can be used herein are those having the average 
metallic layer 9 thereon are introduced into a ball mill particle diameter ratio of the inorganic particles/the 
or a container equipped with a stirring blade, and metallic-layer containing particles of not more than 
treated therewith under application of shear force while 55 1/10, preferably 1/20 to 1/1000. The inorganic particles 
heating at a temperature of 20° to 200° C, preferably as illustrated above are those obtained from insulating 
50° to 120* C. inorganic materials. The inorganic particles used in the 

The resin layer 11 thus formed has a thickness of invention have an average particle diameter of usually 

usually 1/50 to 1/5, preferably 1/20 to 1/10 of the aver- 0.01 to 5.0 am, preferably 0.02 to 1.0 am. 

age particle diameter of the core 7, and the thickness of 60 Concrete examples of the inorganic particles as illus- 

said resin layer 11 is usually 0.01 to 5 am, preferably 0.1 trated above include those of titanium oxide, silicon 

to 2 am and especially 0.2 to 1 am. dioxide, calcium carbonate, calcium phosphate, alumi- 

The metallic-layer containing particle comprising the num oxide and antimony trioxide. These inorganic par- 
above-mentioned core 7, metallic layer 9 and resin layer tides as exemplified above may be used either singly or 
11 has an average particle diameter of usually 1 to 50 65 in combination. 

am, preferably 2 to 30 am and especially 5 to 1 5 am. The inorganic particles mentioned above are incorpo- 

The metallic-layer containing particles as mentioned rated into the adhesive composition of the invention in 

above are contained in the adhesive composition of the an amount, based on 100 parts by weight of the insulat- 
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ing adhesive component, of usually 1.0 to 50.0 parts by 
weight, preferably 5.0 to 25.0 parts by weight. 

The proportion in the adhesive composition of the 
invention of the metallic-layer containing particles to 
the inorganic particles is 3:1 to 1:1 in terms of weight, 5 
and the adhesive composition containing these two 
kinds of particles in the proportion as defined above will 
come to exhibit preferred flow behavior at the time of 
contact bonding operation. 

By virtue of the incorporation of the inorganic parti- 10 
cles in the manner now described, it is possible to regu- 
late flowability of the adhesive compositions of the 
invention used at the time of bonding the printed circuit 
boards with heat and under pressure. Accordingly, 
when the adhesive compositions containing the above- 15 
mentioned inorganic particles are used in bonding the 
printed circuit boards together with heat and under 
pressure, practically no squeeze-out of the adhesive 
composition from the edge portion of the bonded cir- 
cuit board will occur. 20 

The anisotropic conductive adhesive compositions of 
the invention may be used in various forms such as 
sheet, paste and the like. 

For example, as shown in FIG. 2, the adhesive com- 



and thermosetting resin as the insulating adhesive com- 
ponent. 

Furthermore, by the incorporation into the adhesive 
compositions of the invention of the coupling agent as 
the insulating adhesive component, the state of interface 
between the substrates and the adhesive composition of 
the invention is improved to enhance the bonding 
strength. 

The adhesive compositions of the invention as illus- 
trated above may be formulated into a sheet-like adhe- 
sive by employing various coating methods, for exam- 
ple, those relying on the use of various coating means 
such as a knife coater, comma coater, reverse-roll 
coater and gravure coater. 

In addition to the above-mentioned sheet-like adhe- 
sive, the anisotropic conductive adhesive compositions 
of the invention may also be used in a paste-like form by 
mixing them with a suitable solvent. The paste-like 
adhesive composition of the invention may be coated by 
using a coater, for example, a screen coater or the like, 
on the substrate to form an adhesive layer thereof. 

EFFECT OF THE INVENTION 
Because the anisotropic conductive adhesive compo- 



position of the invention can be used in a sheet-like form 25 sitions of the present invention are those formed from 



comprising the insulating adhesive component 1 having 
dispersed therein the metallic-layer containing particles 
3 and the inorganic particles 30. In FIG. 2, the adhesive 
composition in the sheet-like form of the invention is 
represented by Arabic numeral 5. 

When two pieces of the substrates, each having 
formed a circuit pattern thereon, are bonded together 
using the adhesive composition 5 of the invention 
formed into the sheet-like form, the two pieces of the 



an insulating adhesive component comprising a copoly- 
mer of acrylic ester having an alkyl group of 1-4 carbon 
atoms and a maleimide derivative, a thermosetting resin 
and a coupling agent, and metallic-layer containing 
30 particles dispersed in said insulating adhesive compo- 
nent, and the metallic-layer containing particles have a 
core made of resin, a metallic layer covering the core 
and a resin layer formed on the metallic layer by fixing 
finely divided resin by the dry blending method to the 



substrates 21 each having formed the circuit pattern 35 surface of the metallic layer, when two printed circuit 



thereon are arranged so that the circuits 20 are faced to 
each other through the sheet 5. 

The substrates 21 thus arranged are then pressed with 
heat in the direction of the sheet so as to approach to 
each other. 

By heating and pressing the two pieces of substrates 
in the manner as mentioned above, the space between 
said two substrates is filled with the adhesive composi- 
tion of the invention as shown in FIG. 3, whereby the 



boards are bonded together with the adhesive composi- 
tions of the invention as illustrated above, the contigu- 
ous circuit patterns of the bonded board will not short- 
circuit. Further, the metallic-layer containing particles 
40 are well dispersed in the insulating adhesive component, 
because the resin is used as the core of said particles, and 
the metallic-layer containing particles held between the 
circuit patterns at the time of the bonding operation will 



come to have conductibility, because the resin layer 

substrates 21 are bonded together. In the substrates thus 45 constituting the outermost shell of the metallic-layer 

bonded, the metallic-layer containing particles Za in the containing particles are destroyed by the pressure ap- 

adhesive composition of the invention are held between plied thereto and, at the same time, poor conduction of 

the circuit portions 20 and, at the same time, the resin the current between the circuit patterns will hardly 

layers 11, i.e. the outermost shells of the metallic-layer occur, because the contact surface of the metallic-layer 

containing particles 3cr, are destroyed by the pressure 50 containing particles with said circuit patterns becomes 



applied thereto at the time of bonding said two sub- 
strates together, and the metallic layers 9 of the particles 
3fl are exposed to exhibit conductibility. The particles 
3a held between the circuit portions 20 connect the 
circuits 20 to each other electrically. 

The anisotropic conductive adhesive compositions of 
the present invention contain the insulating adhesive 
component 1, metallic-layer containing particles 3 and 
preferably inorganic particles 30, and by using such 



large. 



In addition thereto, by incorporating the inorganic 
particles small in particle diameter into the anisotropic 
conductive compositions of the invention, the flowabil- 
55 ity of the composition at the time of bonding operation 
of the printed circuit boards can be controlled so that 
the metallic-layer containing particles in said composi- 
tion can be held between the circuit patterns in a favor- 
able manner as expected, hence the stabilized conduc- 
adhesiye compositions as obtained according to the 60 tion of the current between the circuit patterns can be 
invention in bonding the printed circuit boards together obtained. 

in the manner as mentioned previously, the particles 3a Furthermore, the addition to the anisotropic conduc- 
held between the circuit patterns 20 can be fixed stably tive adhesive compositions of the coupling agent as 
for a long period of time. In addition thereto, it is also aforesaid makes it possible to maintain the above-men- 
possible to maintain the above-mentioned stably fixed 65 tioned initial conduction of the current for an extended 
state of the particles Za even under the circumstances of period of time so as to be less in change with time, 
high temperature, because the adhesive compositions of because the printed circuit boards are firmly bonded 
the invention contain the insulating acrylic adhesive together with the compositions containing the coupling 
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agent so that the metallic-layer containing particles held 
between the circuit patterns are retained as they are. 

The present invention is illustrated below with refer- 
ence to examples, but it should be construed that the 
invention is in no way limited to those example. 

EXAMPLE 

1) Commercially available phenolic resin particles in 



a 



The copolymer thus prepared had a weight average 
molecular weight of 300,000. 

To the copolymer thus obtained was added 10 parts 
by weight of an alkylphenolic resin (CKM-1634, a prod- 
uct of Showa Kobunshi K. K. gel time: 180 seconds). 
Thus, there was obtained an insulating adhesive compo- 
nent. (3-2) 

5) The same procedure as described in the foregoing 
3) was repeated except that the monomer composition 



sphere form (classified by air classification into 
spheres of 6-12 u-m (80% by weight) and those of 3-6 10 was changed to that indicated in the following, 
urn (80% by weight) used as the core were electrolessly 
plated with nickel and gold in two layers to obtain metal 
coated particles as mentioned below. 



M 6-12 p.m core/Ni/Au — 4/4/2 in weight ratio 
1-2 3-6 jim core/Ni/Au — 4/4/2 in weight ratio 
1-3 6-12 ftm core/Ni/Au = 45/45/10 in weight 
ratio 

1-4 3-6 u,m core material/Ni/Au = 45/45/10 in weight 
ratio 



15 



Monomer composition 


(by weight) 


Methyl acrylate 


70% 


Butyl acrylate 


20% 


Acrylic acid 


5% 


Phenylmaleimide 


5% 



20 



2) A mixture of 100 parts by weight of the metal 
coated particles 1-1 and 10 parts by weight of a com- 
mercially available finely divided vinylidene fluoride 2 $ 
resin was treated with a hybridization system at 100° C. 
for 5 minutes to obtain fluororesin-coated metallic-layer 
containing particles. (1-1 H) 

In the manner similar to the above, the metal contain- 
ing particles 1-2, 1-3 and 1-4 were treated to obtain the 30 
following fluororesin-coated metal containing particles. 



The copolymer thus prepared had a weight average 
molecular weight of 300,000. 

To the copolymer thus obtained was added 10 parts 
by weight of an alkylphenolic resin (CKM-1634, a prod- 
uct of Showa Kobunshi K. K. gel time: 180 seconds). 
Thus, there was obtained an insulating adhesive compo- 
nent. (3-3) 

6) The same procedure as described in the foregoing 
3) was repeated except that the monomer composition 
was changed to that indicated in the following. 





Average 






particle 


Thickness 


Particle 


diameter 


(core/metallic layer/resin layer) 


1-1 H 


11.2 urn 


10 u.m/0.3 u.m/0.3 u.m 


1-2 H 


5.6 u.m 


5 u.m/0.15 /im/0.15 urn 


1-3 H 


11.1 fim 


10 u.m/0.3 u.m/0.25 urn 


1-4 H 


5.6 u.m 


5 u.m/0.15 u.m/0.15 u.m 



35 



Monomer composition (by 


weight) 


Methyl acrylate 


65% 


Butyl acrylate 


20% 


Acrylic acid 


5% 


Phenylmaleimide 


10% 



40 



3) An acrylic ester copolymer was prepared by poly- 
merizing monomers having the following composition 
in a toluene solution. The copolymer thus prepared had 
a weight average molecular weight of 300,000. 

To the copolymer obtained above was added 10 parts 
by weight of an alkylphenolic resin (CKM-1634, a prod- 
uct of Showa Kobunshi K. K., gel time: 180 seconds), 
whereby an adhesive composition was obtained. (3-1) 



45 



The copolymer thus prepared had a weight average 
molecular weight of 300,000. 

To the copolymer thus obtained was added 10 parts 
by weight of an alkylphenolic resin (CKM-1634, a prod- 
uct of Showa Kobunshi K. K. gel time: 180 seconds). 
Thus, there was obtained an insulating adhesive compo- 
nent. (3-4) 

7) The same procedure as described in the foregoing 
3) was repeated except that the monomer composition 
was changed to that indicated in the following. 



Monomer composition (by weight) 



50 



Methyl acrylate 
Butyl acrylate 
Acrylic acid 



75% 
20% 
5% 



Monomer composition (by weight) 



Methyl acrylate 
Butyl acrylate 
Metacrylic acid 
2-methyIphenylmaleimide 



70% 
20% 
5% 
5% 



55 



4) The same procedure as described in the foregoing 
3) was repeated except that the monomer composition 
was changed to that indicated in the following. 



Monomer composition (by weight) 



60 



Methyl acrylate 
Ethyl acrylate 
Acrylic acid 
Phenylmaleimide 



45% 
45% 
5% 
5% 



65 



The copolymer thus prepared had a weight average 
molecular weight of 300,000. 

To the copolymer thus obtained was added 10 parts 
by weight of an alkylphenolic resin (CKM-1634, a prod- 
uct of Showa Kobunshi K. K. gel time: 180 seconds). 
Thus there was obtained an insulating adhesive compo- 
nent. (3-5) 

8) The same procedure as described in the foregoing 
3) was repeated except that the monomer composition 
was changed to that indicated in the following and the 
same alkylphenolic resin as used in the foregoing 3) was 
not used. 



Monomer composition (by weight) 



Methyl acrylate 



70% 



15 
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Monomer composition (by weight) 



Part by weight 



Butyl acrylate 
Acrylic acid 
Phenylmaleimide 



20% 
5% 
5% 



(the same as in Ex. 1) 



EXAMPLE 5 



A sheet-like adhesive composition of 25 u,m in thick- 
ness was prepared by repeating Example 1 except that 



The copolymer thus prepared had a weight average 
molecular weight of 300,000. 

Thus, there was obtained an insulating adhesive com- 10 ^following components were used instead, 
ponent containing no thermosetting resin. (3-6) 

EXAMPLE 1 

An anisotropic conductive adhesive composition 
obtained by thoroughly mixing together the following 15 
components was spread and dried to prepare a sheet- 
like adhesive composition of 25 pm in thickness. 



Part by weight 



Part by weight 20 



Insulating adhesive component 3-1 


100 


Coupling agent 


0.5 


(KBM 303, a product of Shinetsu Silicon K.K.) 




Curing agent (polyglycidyl xyleneamine) 


1 


Metallic-layer containing particles 1-1H 


10 


Titanium oxide particles 


5 


(particle diameter 0.02 u.m) 





EXAMPLE 2 

A sheet-like adhesive composition of 25 jtm in thick- 30 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 



Insulating adhesive component 3-2 


100 


Coupling agent (the same as in Ex. 1) 


0.5 


Curing agent (the same as in Ex. I) 


1 


Metallic-layer containing particles 1-1 H 


10 


Titanium oxide particles 


5 


(the same as in Ex. 1) 




EXAMPLE 6 




A sheet-like adhesive composition of 25 u,m in thick- 


ness was prepared by repeating Exampl 


e 1 except that 


the following components were used instead. 


Part by weight 


Insulating adhesive component 3-2 


100 


Coupling agent (the same as in Ex. 1) 


0.5 


Curing agent (the same as in Ex. 1) 


l 


Metallic-layer containing particles 1-2H 


10 


Titanium oxide particles 


5 


(the same as in Ex. 1) 





Part by weight 35 



Insulating adhesive component 3-1 


100 


Coupling agent (the same as in Ex. 1) 


0.5 


Curing agent (the same as in Ex. I) 


1 


Metallic-layer containing particles 1-2H 


10 


Titanium oxide particles 


5 


(the same as in Ex. 1) 





40 



EXAMPLE 3 

A sheet-like adhesive composition of 25 u,m in thick- 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 



Part by weight 



Insulating adhesive component 3-1 


100 


Coupling agent (the same as in Ex. 1) 


0.5 


Curing agent (the same as in Ex. 1) 


1 


Metallic-layer containing particles 1-3H 


10 


Titanium oxide particles 


5 


(the same as in Ex. 1) 
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EXAMPLE 4 

A sheet-like adhesive composition of 25 jxm in thick- 
ness was prepared by repeating Example 1 except that 60 
the following components were used instead. 



Part by weight 


Insulating adhesive component 3-1 


100 


Coupling agent (the same as in Ex. 1) 


0.5 


Curing agent (the same as in Ex. 1) 


1 


Metallic-layer containing particles 1-4H 


10 


Titanium oxide particles 


5 



EXAMPLE 7 

A sheet-like adhesive composition of 25 u.m in thick- 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 



Part by weight 



Insulating adhesive component 3-3 


100 


Coupling agent (the same as in Ex. 1) 


0.5 


Curing agent (the same as in Ex. 1) 


1 


Metallic-layer containing particles 1-1 H 


10 


Titanium oxide particles 


5 


(the same as in Ex. 1) 





EXAMPLE 8 

A sheet-like adhesive composition of 25 }xm in thick- 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 



Part by weight 


Insulating adhesive component 3-4 


100 


Coupling agent (the same as in Ex. I) 


0.5 


Curing agent (the same as in Ex. I) 


I 


Metallic-layer containing particles I-IH 


10 


Titanium oxide particles 


5 


(the same as in Ex. 1) 





EXAMPLE 9 

A sheet-like adhesive composition of 25 p.m in thick- 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 
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Part by weight 



Insulating adhesive component 3-1 
Coupling agent (the same as in Ex. 1) 
Curing agent (the same as in Ex. 1) 
Metallic-layer containing particles 1-1H 
Titanium oxide particles 
(particle diameter 5.0 |im) 



100 
0.5 
1 

10 
5 



COMPARATIVE EXAMPLE 4 

A sheet-like adhesive composition of 25 ftm in thick- 
ness was prepared by repeating Example 1 except that 
5 the following components were used instead. 

_ ~ part by weight 



EXAMPLE 10 

A sheet-like adhesive composition of 25 urn in thick- 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 



10 



Insulating adhesive component 3-6 
Coupling agent (the same as in Ex. 1) 
Curing agent (the same as in Ex. 1) 
Metallic-layer containing particles 1-1H 
Titanium oxide particles 
(the same as in Ex. 1) 



100 
1 
1 

10 

5 



15 



Part by weight 



Insulating adhesive component 3-1 
Coupling agent (the same as in Ex. 1) 
Curing agent (the same as in Ex. 1) 
Metallic-layer containing particles 1-1H 
Titanium oxide particles 
(the same as in Ex. 1) 



100 
0.5 
1 

10 
10 



COMPARATIVE EXAMPLE 5 

A sheet-like adhesive composition of 25 u-m in thick- 
ness was prepared by repeating Example 1 except that 
2Q the following components were used instead. 

**""'""*" Part by weight 



COMPARATIVE EXAMPLE 1 

A sheet-like adhesive composition of 25 jxm in thick- 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 



25 



Insulating adhesive component 3-1 
Curing agent (the same as in Ex. 1) 
Metallic-layer containing particles 1-1H 
Titanium oxide particles 
(the same as in Ex. 1) 



100 
1 

10 
5 



Part by weight 



Insulating adhesive component 3-1 
Coupling agent (the same as in Ex. 1) 
Curing agent (the same as in Ex. 1) 
Metallic-layer containing particles 1-1 
Titanium oxide particles 
(the same as in Ex. 1) 



100 
1 
1 
10 
5 



COMPARATIVE EXAMPLE 2 

A sheet-like adhesive composition of 25 fim in thick- 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 



As printed circuit boards, there were prepared a 
30 polyimide film having printed thereon copper foils as a 
pitch of 70 u.m and a glass plate having sputtered 
thereon ITO at a pitch of 70 fim. The boards thus pre- 
pared were bonded together under the following 
contact bonding conditions by interposing each of the 
35 sheet-like adhesive compositions prepared in Examples 
1-10 and Comparative Examples 1-5 between said 
boards as shown in FIG. 4. 



40 
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Part by weight 



Insulating adhesive component 3-1 
Coupling agent (the same as in Ex. 1) 
Curing agent (the same as in Ex. 1) 
Metallic-layer containing particles 1-2 
Titanium oxide panicles 
(the same as in Ex. 1) 



100 
1 
1 

10 
5 



Contact bonding conditions I: 


Table 1 


150* C. X 30 kg/cm 2 X 5 sec 


Table 2 


Contact bonding conditions II: 


180" C. X 30 kg/cm 2 X 5 sec 


Table 3 


Contact bonding conditions III: 


210° C. X 30 kg/cm 2 x 5 sec 




Contact bonding conditions IV: 


Table 4 


180* C. X 15 kg/cm 2 X 5 sec 


Table 5 


Contact bonding conditions V: 


180° C. X 30 kg/cm 2 X 3 sec 





50 



COMPARATIVE EXAMPLE 3 

A sheet-like adhesive composition of 25 /im in thick- 
ness was prepared by repeating Example 1 except that 
the following components were used instead. 

Part by weight 



55 



The printed circuit boards thus bonded were allowed 
to stand at 40* C. for 2 days to measure resistivities of 
the upper and lower electrodes, and the bonded board 
was placed for 14 days under the conditions of 60' C. 
and 90% RH to measure a resistivity between the upper 
and lower electrodes, insulation properties between the 
right and left electrodes, and a peeling strength at 90° C. 
and a width of 10 mm (rate of pulling: 50 mm/min). 

Results obtained are shown in Tables 1 to 5. 



1 



60 



Insulating adhesive component 3-5 
Coupling agent (the same as in Ex. 1) 
Curing agent (the same as in Ex. 1) 
Metallic-layer containing particles 1-1H 
Titanium oxide particles 
(the same as in Ex. 1) 



100 
1 
! 

10 
5 



Conduc- 
tivity 
(ft) 



Wet 
Conduc- 
tivity 

(ft) 



Insulation 
properties 
(ft) 



Bond 
strength 
(g/10 mm) 
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Example 

1 

2 
3 
4 
5 



2 
5 
2 
4 
2 



5 10 10 or higher 500 

7 10 10 or higher 480 

4 10 10 or higher 500 

7 10 10 or higher 490 

4 10 10 or higher 700 



19 
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v~aji tut ul- 


Tn^nlatinn 


Bond 




tivitv 


tivff v 


nrnn^rti** 

LSI IJv-l 






V**/ 


(St\ 


>**/ 


VfcV *V 1111 1 if 


6 


2 


5 


10 JV or higher 


710 


7 


3 


6 


10 10 or higher 


600 


8 


3 


5 


10 10 or higher 


550 


9 


4 


7 . 


10 10 or higher 


490 


10 


3 


5 


10 10 or higher 


400 


Comparative 










Example 






*)10-10 10 




1 


3 


5 


500 


2 


5 


6 


*)10-10 10 


510 


3 


IS 


360 


10 I0 or higher 


450 


4 


10 


1000 


10 I0 or higher 


400 


5 


5 


700 


10 10 or higher 


450 



10 
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*)Insu!ation properties between the polyimide Him and glass plate as measured 
varied markedly according to the position of the bonded substrate at which the 
measurement was conducted. This fact indicates that the sheet-like adhesive compo- 
sition used for bonding the polyimide Him and glass plate together was poor in 
insulation properties. 
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TABLE 2 






Wet 








Conduc- 


Conduc- 


Insulation 


Bond 




tivity 


tivity 


properties 


strength 




(ft) 


(ft) 


(ft) 


(g/10 mm) 


Example 










1 


3 


4 


10 10 or higher 


550 


2 


4 


6 


I0 10 or higher 


570 


3 


2 


3 


10 10 or higher 


570 


4 


4 


5 


10 10 or higher 


550 


5 


3 


4 


10 10 or higher 


800 


6 


4 


5 


10 I0 or higher 


850 


7 


5 


4 


10 10 or higher 


700 


8 


2 


3 


10 10 or higher 


6S0 


9 


3 


3 


10 10 or higher 


540 


10 


4 


4 


10 10 or higher 


500 


Comparative 










Example 










1 


2 


4 


*)10-10 10 


600 


2 


4 


4 


*)l(M0 i0 


590 


3 


12 


300 


10 10 or higher 


490 


4 


15 


1000 


10 10 or higher 


450 


5 


6 


750 


10 !0 or higher 


490 



25 



30 



35 



40 



*)lnsulation properties between the polyimide film and glass plate as measured 
varied markedly according to the position of the bonded substrate at which the 
measurement was conducted. This fact indicates that the sheet-like adhesive compo- 45 
sttion used for bonding the polyimide film and glass plate together was poor in 
insulation properties. 



TABLE 3 






Wet 








Conduc- 


Conduc- 


Insulation 


Bond 




tivity 


tivity 


properties 


strength 




(ft) 


(ft) 


(ft) 


(g/10 mm) 


Example 










1 


3 


6 


10 10 or higher 


570 


2 


5 


4 


10 10 or higher 


590 


3 


2 


5 


10 10 or higher 


590 


4 


4 


5 


10 10 or higher 


600 


5 


3 


4 


10 10 or higher 


1000 


6 


2 


4 


10 10 or higher 


980 


7 


2 


5 


10 10 or higher 


810 


8 


5 


7 


10 10 or higher 


690 


9 


4 


6 


10 10 or higher 


650 


10 


3 


5 


10 10 or higher 


600 


Comparative 










Example 










1 


3 


4 


•)10-10 10 


710 


2 


4 


5 


*)10-10 10 


640 


3 


80 


500 


10 10 or higher 


530 


4 


20 


900 


10 10 or higher 


530 



55 



60 



65 
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TABLE 3-continued 





Conduc- 
tivity 
(ft) 


Wet 
Conduc- 
tivity 
(ft) 


Insulation 
properties 
(ft) 


Bond 
strength 
(g/10 mm) 


5 


5 


700 


10 !0 or higher 


540 



*)lnsuIation properties between the polyimide film and glass plate as measured 
varied markedly according to the position of the bonded substrate at which the 
measurement was conducted. This fact indicates that the shecMike adhesive compo- 
sition used for bonding the polyimide film and glass plate together was poor in 
insulation properties. 
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TABLE 4 



Conduc- 
tivity 
(ft) 



Wet 

Conduc- 
tivity 
(ft) 



Insulation 
properties 
(ft) 



Bond 
strength 
(g/10 mm) 



Example 



1 


2 


4 


10 10 or higher 


400 


2 


4 


8 


10 10 or higher 


410 


3 


3 


5 


10 10 or higher 


420 


4 


2 


6 


10 I0 or higher 


390 


5 


5 


9 


10 ,0 or higher 


550 


6 


4 


9 


10 10 or higher 


560 


7 


4 


8 


10 10 or higher 


500 


8 


3 


6 


10 10 or higher 


490 


9 


2 


7 


10 10 or higher 


400 


10 


4 


7 


10 10 or higher 


280 



Comparative 
Example 

1 3 

2 4 

3 17 

4 9 

5 4 



4 
8 

270 
830 
630 



•)10~10 10 
*jlO-10 10 
10 i6 or higher 
10 10 or higher 
10 10 or higher 



410 
420 
370 
350 
370 



*)lnsulation properties between the polyimide film and glass plate as. measured 
vaned markedly according to the position of the bonded substrate at which the 
measurement was conducted. This fact indicates that the sheet-like adhesive compo- 
sition used for bonding the polyimide film and glass plate together was poor in 
insulation properties. 



TABLE 5 



Conduc- 
tivity 
(ft) 



Wet 
Conduc- 
tivity 
(ft) 



Insulation 
properties 
(ft) 



Bond 
strength 
(g/10 mm) 



Example 

1 3 

2 4 

3 3 

4 5 

5 2 

6 2 

7 3 

8 2 

9 4 
10 4 

Comparative 
Example 



6 
6 
7 
9 
8 
8 
6 
7 
6 
6 



10 10 or 
10 10 or 
10 10 or 
10 10 or 
10 10 or 
10*° or 
10 10 or 
10 10 or 
10 10 or 
10 10 or 



higher 
higher 
higher 
higher 
higher 
higher 
higher 
higher 
higher 
higher 



350 
350 
320 
340 
400 
420 
400 
370 
290 
250 



t 


4 


7 


•)10-10 10 
*)10-I0 10 


360 


2 


4 


8 


370 


3 


15 


250 


10 10 or higher 


290 


4 


7 


1100 


10 10 or higher 


280 


5 


2 


780 


I0 10 or higher 


320 



*)Insulatios properties between the polyimide film and glass plate as measured 
varied markedly according to the position of the bonded subctrate at which the 
measurement was conducted. This fact indicates that the sheet-like adhesive compo- 
sition used for bonding the polyimide film and glass plate together was poor in 
insulation properties. 

What is claimed is: 

1. An anisotropic conductive adhesive composition 
comprising an insulating adhesive component and parti- 
cles dispersed in said insulating adhesive component, 
said anisotropic conductive adhesive composition being 
characterized in that 
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said insulating adhesive component comprises a co- 
polymer of acrylic ester having an alkyl group of 
1-4 carbon atoms and a maleimide- derivative, 

5 to 60 parts by weight, based on 100 parts by weight 
of the copolymer, of a thermosetting resin, and 

0.05 to 5.0 parts by weight, based on 100 parts by 
weight of the copolymer, of a coupling agent, and 

said particles are metallic-layer containing particles 
comprising a core made of resin, a metallic layer 
covering said core and a resin layer formed from 
finely divided resin fixed by the dry blending 
method on the surface of said metallic layer. 

2. The anisotropic conductive adhesive composition 
as claimed in claim 1 wherein the amount of recurring 
units derived from the maleimide derivative contained 
in the copolymer is 0.5 to 10.0 parts by weight based on 



said insulating adhesive component comprises a co- 
polymer of acrylic ester having an alkyl group of 
1-4 carbon atoms and a maleimide derivative, 

5 to 60 parts by weight, based on 100 parts by weight 
5 of the copolymer, of a thermosetting resin, and 

0.05 to 5.0 parts by weight, based on 100 parts by 
weight of the copolymer, of a coupling agent, and 

said particles are metallic-layer containing particles 
comprising a core made of resin, a metallic layer 
10 covering said core and a resin layer formed from 
finely divided resin fixed by the dry blending 
method on the surface of said metallic layer, and 

said inorganic particles have an average particle di- 
ameter of not more than 1/10 of the average parti- 
15 cle diameter of said metallic-layer containing parti- 
cles. 

5. The anisotropic conductive adhesive composition 
as claimed in claim 4 wherein the metallic-layer con- 
taining particles have an average particle diameter of 1 



100 parts by weight of the recurring units derived from 20. to 50 Jim, and the inorganic particles have an average 

" . , . . - particle diameter of 0.01 to 5.0 ftm. 

acrylic ester contained in said copolymer. P 6. The anisotropic conductive^ adhesive composition 

3. The anisotropic conductive adhesive composition u claimed in claim 4 wne rein the amount of the recur- 
as claimed in claim 1 wherein the finely divided resin ri ng un jt s derived from the maleimide derivative con- 
constituting the resin layer of the metallic layer contain- 25 tained in the copolymer is 0.5 to 10.0 parts by weight 
ing particles is finely divided fluororesin. based on 100 parts by weight of the recurring units 

4. An anisotropic conductive adhesive composition derived from acrylic ester contained in said copolymer. 

...... , t 7. The anisotropic conductive adhesive composition 

comprising an insulating adhesive component, particles ag claimed in claim 4 where i n the finely divided resin 

dispersed in said insulating adhesive component and 30 const ituting the resin layer of the metal containing par- 
inorganic particles, said anisotropic conductive adhe- tides is finely divided fluororesin. 
sive composition being characterized in that ***** 
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